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PURPOSE

The Arizona Department of Health Services (ADHS) has not
established a conprehensive policyon the i ssue of matri x spi ke
or surrogate recoveries becausethey do not have the authority
to establish criteria by which ADEQwi || either accept or reject
dat a.

This policy will assure that all data submtted to ADEQ meets
regulatory requirements and are legally defensible by
establishing alternative criteria for when the established
met hod recovery acceptance criteria for matrix spikes and/or
surrogates are exceeded.

ADEQ is concerned with the assunption that if spike and/or
surrogate recoveries exceed method acceptance criteria and that
if those results can be duplicated without re-extracting the
sampl e, the failure of that quality control criteriais a result
of matrix effects. Duplication of out-of-range results can be
the result of influences other than matrix effects and coul d be
i ndi cative of the method or instrument being out-of-control.

The ADEQ QA/QC Unit believes a nmore accurate and reliable
assessnment of possible matrix effects can be established using
either a (1) dilution technique, (2) the nethod of standard
additions, or (3) analyzing al aboratory fortified blank (LFB)

or a laboratory control sample (LCS). Because ADEQ is a
regul atory agency, conpliance resultsnmust be able to nmeet all

| egal constraints and uphold all analytical method requirenents.



AUTHORI TY

A.A.C. R18-4-106 and R9-14-608.

DEFI NI TI ONS

Dat a: For the purposes of this policy, data is defined as ‘raw
data’ (exanples include but are not Iimted to calibration
curves, chromatograns, spectras, sanple preparation and

injection logs etc.) and does not include |aboratory reports.
(Contact the QA unit for further information.)

Laboratory Fortified Bl ank (LFB):(aka bl ank spi ke) An al i quot of
organic free reagent water to which known quantities of the
met hod anal ytes are added in the | aboratory. The LFB is anal yzed
exactly like a sanple, and its purpose s to determ ne whet her

t he nmet hodol ogy (anal yticalprocess) is in control, and whet her
the | aboratory is capable of mking accurate and precise
measurenments at the required method detection limt.

Laboratory Fortified Blank Duplicate (LFBD):(aka blank spike
duplicate) A duplicate sanmple of the aliquot of reagent water to
whi ch known quantities ofthe method anal ytes are added in the
| aboratory. ThelLFBD is analyzed exactly like a sanple, and its
purpose is to determ ne whether the nmethodol ogy (analytica
process) is in control, and whether the | aboratory is capabl e of
maki ng accurate and precise measurenents at the required nethod
detection limt.

Laboratory Control Sample (LCS): A sanple of clean dirt or sand

to which known quantities of the method analytes are added in
the | aboratory. The LCSis extracted and analyzed exactly |ike

a sanmple, and its purpose is to determ ne whether the
met hodol ogy (sanpl e preparation and analytical process) is in
control, and whether the |I|aboratory is capable of making
accurate and precise measurenments at the required method
detection limt.

Laboratory Control SanpleDuplicate (LCSD): A duplicate sanple

of clean dirt or sand to which known quantities of the nmethod
anal ytes are added in the | aboratory. The LCSD is extracted and
anal yzed exactly |i ke a sanple, and its purpose is to determ ne
whet her the nmethodol ogy (sanple preparation and analytical
process) is in control, and whether the | aboratory is capabl e of
maki ng accurate and preci se neasurements at the required method
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detection limt.

Laboratory Fortified SanpleMatrix (LFM: (aka matri x spi ke) An
al i quot of an environnental sanple to which known quantities of
the nmethod analytes are added in the |aboratory. The LFM is
anal yzed exactly like a sanple, and its purpose is to determ ne
whet her the sanple matrix contributes bias to the analytica
results and therefore determ nes to what degree the method is
successful in analyzing the target analytes. The background
concentrations of the analytes in the sanple matrix must be
determnedin a separate aliquot and the measured values in the
LFM corrected for background concentrations.

Laboratory Fortified Sanple Matrix Duplicate (LFMD)(aka matri x
spi ke duplicate) A duplicate sanple of the aliquot of an
environnental sanmple to which known quantities of the method
anal ytes are added in the |aboratory. The LFMD is analyzed
exactly like a sanple, andits purpose is to determ ne whet her
the sanple matri x contri butes bias to the analytical results and
t herefore determ nesto what degree the nmethod is successful in
analyzing thetarget analytes. The background concentrations of
the analytes in the sample matrix nust be determned in a
separate aliquot and the measured values in the LFMD corrected
f or background concentrations.

Matri x: The predom nant material, conmponent or substrate which
contains the analyte of interest. Matrix is not necessarily
synonynous with phase (liquid or solid).

Matrix I nterference: Also referredto as matrix effects. Matrix
spike interference are those chem cal and/ or physi cal
interferences that inpede the analytical instrumentation in
detecting the true value concentration of a target analyte
wi thin a sanple. One possible source of matrix interferences may
be caused by contam nantsthat are co-extracted fromthe sanple
and result in a positiveor negative bias. The extent of matrix
interferences will vary considerably from source to source
dependi ng upon the nature and diversity of the sanple matri x.

Met hod of Standard Additions:A technique used most commonly in
met al s anal ysis by atom c absorpti on; however, it can be applied
in many areas of the | aboratory. It serves to correct for matrix
effects in the sanple. Aliquots of a sanple are spiked with at
| east three different concentrations of a standard.

Surrogate: A pure analyte, which is extremely unlikely to be
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found in any sanple, and which is added to a sanple aliquot in
known ampunts before extraction and is measured with the same
procedures used tonmeasure other sanple conmponents. A surrogate
behaves simlarly to the target analyte and its use is nost
often used with organic anal ytical procedures. The purpose of a
surrogate analyte is to nmonitor method performance with each
sanpl e.

POLI CY

ADEQ wi I | not accept test results for regulatory purposes when
t he LFM and/ or surrogate recovery exceed the acceptance criteria
unl ess the | aboratory has denmonstrated that the sanmple itself is
responsible for theQC results exceeding the methods acceptance
criteria.

RESPONSI BI LI TY

The ADEQ Program staff will be responsible for review ng the
final report or the quality control sunmmary sheets which
acconpany the final results of the |l aboratory analysis to verify
that matri x spi kes and/ or surrogate recoveries were within the
acceptance criteria. |If the program staff are uncertain as to
how to evaluate the final report, or if required information is
m ssing, it shall be the responsibility of the programstaff to
forward the information to the ADEQ QA/QC Unit for review and
recommendati ons.

The ADEQ QA/QC Unit will review data referredby program staff
to ensure that the procedures outlined imMttachment A of this

policy were followed by the |aboratory and to report their
findings to the appropriate ADEQ program staff.

APPLI CABI LI TY

This policy is applicable to all types of water, air, sludge,
and soil matrices regardl ess of the method of anal ysis.

PROCEDURES

The ADEQ program staff shall review the final report or the
quality control (QC) summarysheet which acconpanies the fina
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report. ADEQ program staff shall assess theaesults of the LFM

and LFMB on the QCSummary sheet to determne if the recoveries
are within the acceptance range. If the LFM or LFMB results
exceed the established recovery criteria, ADEQ program staff
will assess the recovery criteria for those out of range
anal ytes in either the LFB/LFBD or LCS/LCSD. If the required
informationis not included with the final report or program
staff are uncertain as how to evaluate the final report, they
shall notify the QA/QC Unit so the QA/QC staff can perform a
more thorough evaluation of the results.

The ADEQ QA/ QC staff, if necessary, shall request al aboratory
data package to reviewthe raw data, determ ne the validity of
the results and conpliance with the ADEQ data reporting policy.
The QA/QC Unit shall also submt in witing, to the program
staff, the data validation findings and the ADEQ QA/QC Unit’s
recommendati ons.



ATTACHMENT A

LABORATORY PROCEDURES

The ADEQ policy for addressing spike and surrogate recovery as
they relate to matrix effects in water, air, sludge and soi
mat ri ces suggests three different techniques (analysis of an
LFB/ LFBD or LCS/LCSD pair, dilution procedure, or the standard
addi ti ons technique) which may adequately explain the out-of-
range QC results of sanmples. These three techniques do not
represent an all inclusive list for denonstrating matri x effects
within a sanple and | aboratories nmay have alternate and valid
techni ques to denonstratematrix interference. These alternate
t echni ques shoul d be discussed with and approved by the ADEQ QA
Unit prior to analysis to avoid the rejection of data.

ADEQ al so requires the anal yses of either an LFB/LFBD, LCS/LCSD
or LFMLFMD pair to satisfy the precision requirements for
drinki ng wat er met hods. More useful information can be obtained
regardi ng precision when conparing sanples containing target
anal ytes. Very little useful precision information is obtained

when conparing theinstrument precision using two sanples that

are non detect. Whenever included in the analytical batchthe

| aboratory nust report the results of the LFB/LFBD or LCS/LCSD
in addition to the LFMLFMD to ADEQ and shall include the
numerical values established by the |aboratory for the QC
acceptance criteria whenever the method has not provided any.

Whil e the nethod would require a re-extraction of that sanple,
to confirmmatrix interference, if the LFM and/or the LFMB fall
outside the method's acceptance criteria, ADEQ will accept the
results of the LFB/LFBD or LCS/LCSD which denmonstrate that the
anal ytical process is in control. The LFB/LFBD and LCS/LCSD
provide an interference free matrix such that if the surrogates
and/ or matri x spi ke analytes are within the nmethod' s acceptance
criteria, then there is conpelling data that an instrument is
operating properly, the extraction procedure provided no bias,
and the method is in control. The LFB/LFBD nust be analyzed with
the same batch as the LFM LFMD for ADEQo accept the LFB/LFBD

results. The LCS/LCSD sanmples nust be extracted and anal yzed
with the same batch as the LFM LFMD sanples for ADEQ to accept
the results of the LCS/LCSD sanples. The |[|aboratory shall
include the numerical values established by the | aboratory for
the QC acceptance criteria whenever the nmethod has not provided
any.



Anot her option is the dilution technique. The dilution technique
is particularly well suited for denmonstrating matrix effects in
the LFM sanples for analyses that don't require extraction
procedures. Laboratories perform ng analytical work for ADEQ
t hat suspect matrix interference in LFM sanples may dil ute that
sanpl e such that all suspected matri x effects are diluted out as
well prior to spiking. Once the matri x effects have been dil uted
out, recovery of the matrix spi kes and surrogates should fal
within the acceptable recovery criteria established by the
met hod, or the lab if none are given in the method. The dilution
of sanples suspected of having matrix interference such that
interferenceis no longer a factor strongly suggests that there
may have been matrix effectsin the sanple and the recovery of
t he spi ked anal ytes within the acceptance range denonstrates the
instrumentationand nethod are in control. ADEQ wi ||l accept use
of the dilution technique to denmonstrate matrix effects in LFM
and LFMD sanpl es because notevery sanple is matri x spi ked and
it cannot be assumed that the matrix effects observed in one
sanmpl e are representative of the entire sanple batch

Because the dilution technique raises the reporting |evel of an

analyte, it may not be a suitable technique to denonstrate
matrix interference if the resulting reporting | evel exceeds the
regul atory (trigger) or action level. The method of standard

additi ons would be a preferred technique to help correct for
positive or negative bias in the sanples because this techni que
is unlikely to raise the reporting Ilevel of regulated
contam nants that may be present in the sanmple. The met hod of
standard additions usually enploys aliquots of a digested or
extracted sanple which are spiked with at |east three different
concentrations of astandard. The standard additions are chosen
to bracket the unknown sanple concentration and the response of
the instrument nust be |inear.

Those sanples whose matrix spikes or surrogate recoveries
continue to fall outside the acceptance criteria after any of
t he above three techni ques, or an alternate method pre-approved
by the ADEQ QA Unit have been enployed, shall be reviewed by
ADEQ on a case-by-case basis. Any results reported which are
affected by matrix interference shall be flagged as an esti mated
guantitation.



